Introduction: The core concepts of damage control and open abdomen in trauma surgery have been expanding for emergent general surgery. Temporary closures allow ease of access to the abdominal cavity for source control.
Introduction
The concept of open abdomen was introduced by Ogilvie in 1940, for abdominal war wounds. 1 In the early 1980s, nonmechanical bleeding from coagulopathy during surgery started being approached by abbreviating laparotomy and using abdominal packing. In the 1990s, Rotondo et al 2 defined the sequence and coined the term "damage control." Damage control involves an abbreviated initial laparotomy (in <90 minutes) avoiding the development of physiologic exhaustion, with acidosis, coagulopathy, and hypothermia, to control blood loss and contamination in the abdomen, followed by reestablishing the patient's physiology in the intensive care unit (ICU). Reexploration is then indicated for the removal of retained laparotomy pads, re-evaluation and definitive repair of known injuries, and thorough exploration to identify missed injuries, establishing gastrointestinal continuity or enteral access, evacuation of hematomas and definitive closure. [2] [3] [4] The core concepts of damage control and open abdomen management have been expanded for emergent general surgery, such as abdominal sepsis, uncontrolled bleeding and acute mesenteric ischemia. 5, 6 As a result of the aggressive resuscitation in the critically ill surgical patient, definitive closure of the abdomen can be complicated with abdominal compartment syndrome (ACS), which has been reported in up to 15% of trauma intensive care admissions, 6 and approximately 40% to 70% of patients cannot have primary fascial closure immediately after definitive repair. 5 Therefore, the use of open abdomen management was introduced for critically ill patients. There are 3 main indications for open abdomen: anatomical (inability to approximate the edges of the incision, tissue loss or impending risk of ACS), physiological (severe physiologic derangement), and logistical (need for serial surgical interventions while preserving fascia). 7 Temporary closures started to be discussed in the late 1980s by general surgeons, allowing ease of access to the abdominal cavity for source control, protection of the abdominal contents, draining of the abdominal cavity, and minimization of acute adhesions between the intestine and the abdominal wall. 6 Historically, many techniques for temporary abdomen closure have been described, with vacuum-assisted techniques being the most used today, due to their dynamic properties, which facilitate fluid collection and provide continuous medial traction on the fascial edges to help prevent loss of domain. 5 In cases in which the patient is left with an open abdomen, complications such as fluid and electrolyte disorders and enterocutaneous fistula can develop. In patients in whom surgeons are unable to close the fascia, a "planned ventral hernia" is created, which needs later surgical correction. Surgery for these complex hernias presents a high surgical risk and long recovery. Therefore, early definitive fascial closure, defined as a closure of abdominal fascia within 2 to 3 weeks after an open abdomen in the same hospitalization, is a means of preventing the risk of early and late complications. 8 The ideal management of the open abdomen, as well as patients' characteristics and outcomes are scarcely described in literature. The aim of the current study was to assess outcomes of patients who underwent laparostomy for acute abdominal processes in a single institution. We also sought to evaluate risk factors for worse outcomes and inability of fascial closure within the initial hospitalization.
Methods
We conducted a retrospective analysis of the medical records of all patients (18 years of age or older) submitted to laparostomy from January 2009 to March 2017 in a single center. Institutional research board approval was obtained to review the medical records. This research complied with Ethical Standards and informed consent was obtained in all patients.
All patients were submitted to emergency surgery and resuscitation was initiated before the operation. The decision to perform damage control surgery rather than definitive surgery was made by the surgeon and the anesthetist. All patients were postoperatively admitted to the ICU for physiological optimization, and subsequently underwent definitive surgery, when feasible.
Data collected included demographics, body mass index (BMI), American Society of Anesthesiologists (ASA) classification, surgical indications, Acute Physiology and Chronic Health Evaluation (APACHE II) 9 and Sequential Organ Failure Assessment (SOFA) Scores, 10 open abdomen Björck classification, 11 time from diagnosis to surgical exploration, number of reinterventions, laparostomy technique, and length of ICU stay. In-hospital mortality was the primary outcome. The secondary outcomes measured were local morbidity (abscess, fistula, and incisional hernia) and the rate of primary fascial closure.
The open abdomen classification was introduced by Björck et al 11 in 2009 and later updated by the World Society of the Abdominal Compartment Syndrome in 2013. 12 It consists of 4 grades according to abdomen fixation: (1) no fixation, (2) developing fixation, (3) frozen abdomen, and (4) established enteroatmospheric fistula in frozen abdomen. The first 2 grades are also divided in 3 subgrades: (1) clean, (2) contaminated, and (3) with enteric leak.
APACHE II and SOFA scores are used in critically ill patients to predict mortality. They are constituted by physiological measures, such as age, Glasgow Coma Score, vitals, oxygenation, renal function and hematology on APACHE II 9 and respiration, coagulation, liver, neurological, cardiovascular, and renal functions on SOFA score. 10 Statistical analysis was performed on IBM SPSS Statistics Version 20 for Mac. Continuous variables are presented as means and standard deviation or as medians and range/interquartile range, according to its distribution. Categorical variables are presented as frequencies, because the total number of patients included in this study is close to 100. Cut-off values for the variables analyzed were searched by medians and receiver operating characteristics curve for mortality. Features considered clinically significant to affect mortality were included in multivariable logistic regression analysis, using stepwise techniques to explore predicting factors for mortality. Analysis of risk factors for definitive fascial closure was performed through the use of Student t test, Wilcoxon 2-sample test and Chi-square test. Statistical significance was defined as P value <.05 for all comparisons.
Results
During the study period we identified 101 patients (62 men), who underwent laparostomy. Median age of patients was 64 (range 22-88) years. Most patients had an ASA score of 3 or 4 and median BMI was 26 kg/m 2 . Patient demographics and outcomes are shown in Table 1 .
The most common indications for open abdomen were bowel perforation, bowel ischemia and necrotizing pancreatitis, followed by hemorrhage due to vascular injuries during elective surgery, as shown in Table 2 . According to surgery indications, the patients were divided into 2 groups: septic and hemorrhagic causes. Sixty-seven patients belonged to grades 1A to C open abdomen, according to updated Björck classification, 11 with 30 patients in grades 2A to C, 2 patients with a frozen abdomen (grade 3) and 2 enteroatmospheric fistula (grade 4).
A total of 89 patients underwent vaccum-assisted tecniques: Barker technique 13 was used in 26 patients and a commercial kit (Smith and Nephew RENASYS Open Abdominal Solution) was used in 63 patients. Seven open abdomens were covered with a Bogota bag and a zipper was used in 1 patient, in the first years of this case series. In the first exploration, 23 patients were packed for a maximum of 5 days and 1 repacking was done.
The median time from diagnosis to surgical exploration was more than 24 hours, going up to 3 days. All patients were admitted to the ICU for stabilization before definitive surgery and the median time of stay was 17 days (range 0-188). The median number of re-interventions per patients was 1, ranging from 1 to 23, in a patient with severe acute pancreatitis. Eighty-eight patients were submitted to second-look surgery.
Global in-hospital mortality rate was 62.4%. Twelve patients died before re-exploration: 7 patients from septic shock, 3 from uncontrolled bleeding and 2 from bowel ischemia. For the 37 patients who were discharged from hospital, a definitive abdominal closure was attained in 28 patients, in the same hospitalization time, within a median of 5 days (1-60) and in 7 a planned hernia was performed. From the patients with definitive closed abdomen, 11 patients had their abdomen closed in the second operation. The group of patients who were discharged from hospital had 12 local complications, 7 within the first hospitalization (fistula, abscess, hemorrhage, evisceration) and 3 on long-term evaluation (incisional hernias). The incisional hernias occurred in patients in which primary fascial closure was achieved by days 3, 23, and 60, after the initial procedure.
Multivariable logistic regression analysis showed that people older than 60 years (odds ratio [OR] 3.524; P = .012) and with an APACHE II score >18.5 (OR 2.856; P = .036) presented higher in-hospital mortality rates (Table 3) . Definitive fascial closure was statistically associated with lower number of reinterventions and ICU stay (Table 4) .
Discussion
Damage control surgery is an increasingly recognized life-saving strategy employed in multiple abdominal emergencies on physiologically deranged patients. 6 The majority of the studies approaching this issue are still retrospective case series and therefore the benefit of damage control surgery in general surgical abdominal emergencies (such as uncontrolled bleeding during elective surgery, generalized peritonitis, acute mesenteric ischemia, and other sources of intra-abdominal sepsis) has yet to be validated.
14 Hence, the benefits of this strategy depend on careful patient selection. 6 A wide array of techniques for temporary abdomen closure (Bogota bag, dynamic retention sutures, artificial burr, etc) has become available. However, at present, vacuum-based techniques seem to be most used, because 85% of the studies published since 1998 describe a vacuum technique 8 and in our series 88% of patients were managed through vacuum. In literature, definitive fascial closure rates for vacuum techniques, range from 29% to 100%, with most studies in the higher end of the range. 5, 8, 15 In this study, primary fascial closure rate was 75.7% for the patients who were discharged from hospital, more than a half in less than 10 days. Early fascial closure must systematically be attempted after an open abdomen, when 3 to 7 cm of separation of the fascial edges remains, because it is associated with reduced mortality. [16] [17] [18] For those patients in whom definitive closure is not possible, a planned ventral hernia is an acceptable approach, 5 which was the option in 7 of our patients. Local complication rates can be related to the length of time abdominal packs are retained, varying from 10% to 70%, with fistula rates generally ranging between 1% and 15%. 5, 8 These data are in agreement with our results, although packs were only retained in 23 patients and for a maximum of 5 days.
In the literature, the mortality rate for all techniques oscillated between 0% and 67%. 8 The major causes of mortality are related to the primary insult or to secondary complications (such as intestinal leakage or fistula formation), leading to multisystem organ failure. 8, 15 The high mortality in this series is worthy of comment. Age and APACHE II score were associated with worse outcomes, indicating the importance of this score for the prognostic evaluation of these patients. APACHE II had a median of 20 points, which predicted 40% of mortality, similar to the observed mortality, with a reasonable discrimination (area under curve of 0.67, P = .008). However, other parameters, such as Björck and SOFA scores, were not associated with the outcomes. Rather than the initial Björck classification, a deteriorating classification of the open abdomen over the time could be useful, although we must bear in mind that this classification system was designed to describe clinical course of open abdomen and not prognosis in general. 19 Other severity scores, such as Mannheim Peritonitis Index (for peritonitis) 20 and Injury Severity Score (for trauma), 21 were not evaluated in this study due to diversity of surgical indications included.
In the literature, several risk factors for complications and primary fascial closure have already been explored. The inability to primarily close the fascia was associated with septic complications such as intra-abdominal abscess and enterocutaneous fistula, longer duration of the open abdomen, greater number of serial abdominal explorations, worse base deficits, [22] [23] [24] acute renal failure, and an Injury Severity Score >15. 24 The development of septic complications was associated with large bowel resection, large-volume fluid resuscitation, and an increasing number of abdominal reexplorations. 25 Accordingly, our results show that inability to achieve primary fascial closure (which could be explained by ongoing visceral edema due to high-volume fluid therapy in ICU 26 ) was associated with greater number of reinterventions and longer ICU stay, although we could not find any association with local complications. Therefore, to improve early fascial closure rate, overfluid resuscitation must be avoided on admission and also during the whole course of open abdomen management. 22 Our study has several limitations, which relate to its retrospective nature, small sample size, lack of randomization, multiple surgical indications, and the lack of a formal protocol for open abdomen decision or attempts at primary fascial closure, which introduces biases inherent to the treating surgeons. So, to develop a classification based in risk factors to select which patients will mostly benefit from this approach, large-scale multiinstitutional studies are required, similar to those performed in the trauma setting.
In conclusion, mortality in these critical patients remains very high, especially in patients older than 60 years and in those with a higher APACHE II score. We also found that greater number of reinterventions and longer ICU stay were associated with inability to primarily close the fascia. Recognition of risk factors for fascia closure failure should promote the investigation for a tailored surgical approach in these patients. Table 4 Factors associated with definitive fascial closure in discharged patients (n = 37)
Factor
Fascial closure (n = 28)
Nonfascial closure (n = 9) P 
